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INTRODACTION 


G-code, a programming language used for controlling computerized numerical control (CNC) machines, was 
established in the early 1960s by the Massachusetts Institute of Technology (MIT). Initially designed for 
automation and robotics, it evolved into a standard programming language for CNC machines. 


Over time, G-code became widely adopted in computerized manufacturing, enabling operators to precisely 
control tool and cutting movements on CNC machines. It is crucial for manufacturing complex parts with 
high accuracy. 


G-code is used to program motion and control tools and axes on CNC machines. Commands in G-code are 
translated into motion signals for motors and axes, facilitating the production of intricate components. 


As technology and manufacturing industries advance, G-code undergoes continuous improvements to 
Support new features and advanced techniques. New versions are developed to meet the evolving needs of 
the manufacturing industry. 


In conclusion, G-code plays a fundamental role in operating CNC machines, contributing to precision and 
efficiency in modern manufacturing. 


CREATE METHOD : 


1. Designing the Part in SolidWorks: 
*Sketching the Part: 
e Use drawing commands in SolidWorks to create a 2D sketch of the part. 
e Define dimensions precisely and use relationships to ensure the desired shape. 
°3D Modeling: 
e Extrude the 2D sketch into the third dimension to create a 3D model of the part. 
e Add details and features to the model to enhance manufacturing accuracy. 
2. Setting up Toolpaths in HSMWorks: 
*Tool Selection: 
e Choose appropriate cutting tools and define their diameters and lengths. 
e Set cutting speeds, feeds, cutting depths, and other relevant parameters. 
-Toolpath Settings: 
e Specify the tools used in turning, milling, and drilling operations. 
e Define cutting angles and other details to match the part's requirements and the machine capabilities. 
3. Tool Simulation: 
eCheck for Interference: 
e Use HSMWorks simulation to analyze toolpaths and ensure there is no interference with the part or other tools. 
Programming Refinement: 
e Update programming settings based on simulation results to improve efficiency and avoid errors. 


CREATE METHOD : 


4. Machine Setup: 
+ Zero Point Definition: 
e Specify the machine's zero point on the part or the table. 
e Set dimensions of the part concerning the zero point. 
*Machine Configuration: 
e Choose the type of CNC machine and configure its settings such as tool speed and movement. 
5. Exporting Programming: 
*Selecting Operations: 
e Choose the operations to include in the programming, such as turning, milling, and drilling. 
*Save the Programming: 
e Export the programming in G-code format. 
e Save the file to a suitable location, and provide a clear name. 
6. Loading Programming onto the CNC Machine: 
*File Transfer: 
e Transfer the programming file to the CNC machine using a method such as USB or network. 
*Loading the Programming: 
e Load the programming onto the CNC machine's control unit. 
e Specify required variables, such as zero point and part dimensions. 
7. Testing and Machine Adjustment: 
Running the Program: 
+ Run the program on the CNC machine and monitor the process. 
*Optimizing Settings: 
e If any issues arise, refine machine settings or programming and rerun. 


AN EXPLANATION VIDEO OF THE PROCESS 


AN EXPLANATION VIDEO OF THE PROCESS 


SOME BASIC COMMANDS 


e G-code (The G Command): 
Description: G-code is a programming language used to control the movement of CNC machine tools. 
Example: G01 X10 Y5 F100 - Moves the tool to coordinates X=10 and Y=5 at a speed of 100 units per minute. 


e M-code (The M Command): 
Description: M-code is used to activate additional functions or control machine components. 
Example: MO3 - Turns the spindle clockwise. 


e G00 - Rapid Positioning: 
Description: Moves the tool rapidly to the destination without turning on the spindle. 


e G01 - Linear Movement: 
Description: Moves the tool linearly to the destination at a specified speed. 


e F- Feed Rate: 
Description: Specifies the feed rate or movement speed when using GO1. For example, F100 means a feed rate of 100 units 
per minute. 


e S- Spindle Speed: 
Description: Specifies the spindle rotation speed. For example, S2000 means 2000 revolutions per minute. 


TYPES OF CONTROL SYSTEMS 


1.Fanuc: The Fanuc CNC control system is widely recognized 
for its performance and stability, commonly used in the CNC 
machining industry. 

2.Siemens: Siemens CNC control provides precise control and 
is utilized in operating advanced CNC machines. 

3.Mazak: Mazatrol CNC control by Mazak is known for its user- 
friendly interface and is employed in a variety of CNC machining 
applications. 

4.Haas Automation: Haas offers its own CNC control system 
known for its reliability and easy integration. 

5.Heidenhain: Heidenhain CNC control system offers high 
precision and is employed in applications requiring accurate 
measurements. 

6.Okuma: Okuma's CNC control system is utilized in advanced 
and multi-axis CNC Ra 


ADVANTAGES & DISADVANTAGES 


Advantages of CNC (Computer Numerical Disadvantages of CNC: 


Control): 1. High Initial Cost: The initial investment in CNC 


machines is significant, making them less 
1.Precision and Accuracy: CNC machines accessible for small businesses or startups. 
offer exceptional precision and accuracy in 


machining processes, leading to high-quality 2. Skilled Operator Requirement: Skilled operators 

and consistent results. are needed for effective programming and 

2 Efficiency: CNC machines operate operation of CNC machines, leading to higher 
cae de p labor costs. 

continuously without the need for breaks, 

resulting in increased efficiency and 3. Programming Complexity: CNC programming 

productivity. requires expertise, and errors in the code can 

3.Versatility: CNC machines can be easily result in defective parts or damage to the 

reprogrammed for different tasks, making machine. 

them versatile for various manufacturing 

applications. 4. Limited Feeling for Materials: CNC machines lack | 


the tactile feedback of manual ¿ACACIA which 10 
n materials more 
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SUMMARY 


CNC Machines (Computer Numerical Control): 


CNC machines are advanced manufacturing tools widely used in the industry. The key feature of these machines is their ability to operate 
automatically based on programmed instructions. Here's a brief overview: 


Programming using G-code: 


G-code Programming Language: Used to command and control CNC machines, specifying their movements. For example, GO1 denotes linear 
motion. 
Precision and Accuracy: 


High Accuracy: CNC machines exhibit high precision in producing intricate and accurate components due to precise tool movement. 
Automated Control: 


Automatic Operations: CNC machines perform numerous tasks automatically based on programmed instructions, enhancing overall efficiency. 
Flexibility for Production Changes: 


Manufacturing Flexibility: Programming adjustments allow easy adaptation to produce various types of components. 
Versatile Applications: 


Diverse Industry Applications: CNC machines are employed across various industries such as automotive, aerospace, 3D printing, and more. 
Time and Labor Savings: 


Increased Productivity: Reduction in production time and improved efficiency contribute to increased overall productivity. 
Motion and Tool Control: 


Precise Motion Control: CNC machines provide precise control over tool movement and multiple axes. 
Advanced Programming: 


Utilization of Modern Technology: Programming using computers allows control over various aspects of the machining process. 11 
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